ABSTRACT Objectives: To examine the relation between static and dynamic blood pressure (BP) measurements and the evolution of kidney function in older people, adjusted for the presence of multimorbidity.
Results: Rapid annual decline of kidney function occurred in 1130 patients (13.1%). High baseline systolic BP (SBP) and PP predicted kidney function decline in participants aged 60-79 years. No correlation between baseline BP and kidney function decline was found in participants aged 80 years and older. An annual decline of ≥1 mm Hg in SBP and PP was a strong risk factor for a rapid annual kidney function decline in all age strata, independent of baseline BP and mCCI. A decline in DBP as also a strong independent predictor in participants aged 60-79 years.
INTRODUCTION
Belgium and other western countries are facing a grey epidemic. Furthermore, a 'double grey' epidemic is expected, given the proportionally higher increase of persons aged 80 years and older. In 2012, 17.4% and 5.2% of the total Belgian population was aged 65 years or older, and 80 years or older, respectively. By 2050, these percentages will rise to 24.5% and 9.5%, respectively. 1 This will probably lead to a dramatic increase of chronic diseases and an increased number of patients with multiple comorbidities.
The prevalence of chronic kidney disease (CKD) (estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 ) increases with ageing to approximately 10% at the age of 65 years and to 60% in persons aged 80 years and older. [2] [3] [4] CKD and especially end-stage renal disease (ESRD) is recognised as an important problem in public health. First, the cost of dialysis per patient per year Strengths and limitations of this study ▪ The first study that investigated the relation between dynamic blood pressure measurements and kidney function over time in participants aged 60 years and older. ▪ Large primary care study population representative of the population of Flanders with a long follow-up period. ▪ Analyses in various age strata were performed in order to detect possibly different patterns due to age. ▪ The presence of multimorbidity was included in the analyses. ▪ Lack of mortality data, data on renal replacement therapy, insufficient data on proteinuria/albuminuria and no standardised measurements of creatinine and blood pressure. ▪ The results are purely descriptive and were not adjusted for time-dependent changes in medication prescription and incident comorbidity. ▪ Weaknesses inherent to a retrospective design and registry data: possible healthy survivor bias, no information about missing data and loss to follow-up.
is more than €50 000, and >1% of the public health budget of the Belgian government is used to cover these costs. Second, CKD increases the risk of cardiovascular events and mortality. Moreover, many medications cannot be used or need dose adjustment in patients with CKD. 5 6 Arterial hypertension and cardiovascular disease have been identified both as a cause and as a consequence of CKD [7] [8] [9] and ESRD. 4 This has been well studied in the younger population. However, to date, many clinical trials and clinical studies have excluded older persons and especially older persons with multiple chronic conditions. 10 Furthermore, studies investigating the association between arterial hypertension and the risk of kidney function decline in older persons are scarce. The Cardiovascular Health study 11 and the Systolic Hypertension in the Elderly Program (SHEP) study 8 identified baseline BP as a risk factor for kidney function decline in older persons. The Leiden 85 Plus-study 12 on the other hand, did not find a relation between baseline BP and kidney function decline. It reported a decline in systolic BP (SBP) and diastolic BP (DBP) between ages 85 and 90 years to be related to an accelerated decline of creatinine clearance over time. To date, the relation between the evolution of BP and that of kidney function over time has not been studied in persons aged 60 years and older. Moreover, the impact of concomitant chronic conditions on this relation has not been examined.
Therefore, the aim of this retrospective cohort study within the framework of a large Flemish morbidity registry was to study the relation between static and dynamic BP measurements and the evolution of kidney function over time in three age strata of participants aged 60 years and older, adjusted for the presence of multimorbidity.
METHODS
Study design and study population Data were obtained from Intego, a Belgian general practice-based morbidity registration network at the Department of General Practice of the University of Leuven. 13 Intego procedures were approved by the ethical review board of the Medical School of the Catholic University of Leuven (N°ML 1723) and by the Belgian Privacy Commission (no SCSZG/13/079). Ninety-seven general practitioners (GPs) of 55 practices evenly spread throughout Flanders, Belgium, collaborate in the Intego project. GPs applied for inclusion in the registry. Before acceptance of their data, registration performance was audited using algorithms to compare their results with those of all other applicants. Only the data of the practices with optimal registration performance were included in the database. The Intego GPs prospectively and routinely registered all new diagnoses and new drug prescriptions, as well as laboratory test results and patient information, using computer-generated keywords internally linked to codes.
With specially framed extraction software, new data were encrypted and collected from the GPs' personal computers and entered into a central database. Registered data were continuously updated and historically accumulated for each patient. 
Clinical characteristics
Blood pressure BP measurements registered by the GP in 2002 (baseline or static BP) and yearly thereafter were used. For each year of the study time interval, a single SBP and DBP value was used in the analyses. The average BP of the two lowest values of that year's last three measurements were used.
14 Pulse pressure (PP) was calculated as the difference between the SBP and the DBP. Categories of baseline BP measurements were based on previously reported categories.
11
The slope of the SBP, DBP and PP (mm Hg/year) was calculated for every study participant of whom BP measurements were available for at least 4 years following 2002 (n=7283). The slope, or dynamic BP, was calculated according to the ordinal least square method. Patients were divided in categories based on the slope using predefined subgroups of ≤−3, >−3 or ≤−1, >−1 or <1, and ≥1 mm Hg/year for the SBP and ≤−1, >−1 or <1 and ≥1 mm Hg/year for the DBP and the PP.
Kidney function
Kidney function was expressed as the eGFR calculated with the MDRD (Modification of Diet in Renal Disease) equation. 15 Baseline eGFR was calculated based on the average serum creatine value of the last two measurements in 2002.
The slope of the eGFR (mL/min/1.73 m 2 /year) for every participant was calculated according to the ordinal least square method using all (range 4-50) available eGFR values. A rapid annual decline of kidney function was defined as ≥3 mL/min/1.73 m 2 /year; this change is known to be associated with clinically deleterious outcomes.
11
Comorbidity Medical history at baseline of every study participant was registered. The Charlson Comorbidity Index (CCI) includes 19 chronic diseases that are weighted based on their association with mortality. 16 A modified CCI (mCCI) at baseline was calculated for every study participant. 17 Connective tissue disease could not be reliably assessed from the registry and the differentiation between cancers with or without metastasis, diabetes with or without end organ failure and mild or moderate to severe liver disease could not be made. Consequently all patients with cancers were assigned the same score (=2), as well as all patients with diabetes (=1) and with liver disease (=1).
The prescription of cardiovascular medication at baseline including β-blockers, ACE inhibitors, angiotensin receptor blockers, calcium antagonists and diuretics was extracted from the database for every study participant.
Data analysis
Continuous data are presented as the mean and SD. Categorical data are presented as numbers and frequencies. All further analyses were performed in three age strata at baseline: 60-69, 70-79 and ≥80 years.
The correlation between baseline BP measurements and kidney function decline and change in BP and kidney function decline was first explored by calculating ORs with the corresponding 95% CIs using bivariate and multivariable linear regression analysis and adjusting for age, gender, mCCI at baseline, cardiovascular medication at baseline, time between the first and last eGFR measurement after 2002 (≥ or <5 years) and baseline eGFR (and baseline BP measurements for BP change). Second, the relation between categories of baseline BP measurements or categories of BP change and a rapid annual decline of kidney function was examined with bivariate and multivariable logistic regression analysis.
In order to avoid co-linearity, the correlation coefficients between all covariates were calculated. In case of co-linearity (r-value >0.90), only one of the two covariates was considered in the multivariate model. Interaction was checked between the slope of the BP measurement and the baseline BP measurement, between the slope of the BP measurement and the mCCI, and between the baseline BP measurement and the mCCI. If the interaction term was statistically significant ( p<0.05), it was kept in the model. A goodnessof-fit test was performed with the ANOVA (analysis of variance) F test for the linear regression models and the Hosmer-Lemeshow test for the logistic regression models and was reported when the model did not fit the observed data (ANOVA F test p≥0.05 and Hosmer-Lemeshow test p<0.05).
Statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, Illinois, USA) and GraphPad prism 6 (GraphPad Software, San Diego, California, USA). Correlation between SBP and kidney function decline Baseline SBP An inverse linear relation was found between baseline SBP and kidney function decline in all age strata, also after adjusting for confounders (table 2) . The goodnessof-fit test was not significant in the oldest age stratum (ANOVA F test, p=0.23). Categories of higher baseline SBP predicted rapid decline of kidney function in patients aged 60-69 years (adjusted OR 1.9 (95% CI 1.2 to 3.1) and adjusted OR 2.4 (95% CI 1.5 to 3.9) for 140-150 mm Hg and ≥150 mm Hg, respectively) (figure 2). In patients aged 70-79 years a trend was seen for the highest category (adjusted OR 1.5 (95% CI 1.0 to 2.4), p=0.052), and no correlation was found in patients aged 80 years or older (Hosmer-Lemeshow test (≥80 years), p=0.005). Figure 3 presents the prevalence of the change in BP for the various age strata. A positive and independent linear relation was found between a change in SBP and a change in kidney function in the oldest two age strata; the more SBP decreased, the more the kidney function decreased in the years after 2002 ( predicting rapid decline of kidney function was only seen in the highest category of baseline DBP in patients aged 60-69 years (adjusted OR 2.0 (95% CI 0.99 to 4.0)). The Hosmer-Lemeshow test showed the adjusted model in the oldest patients did not fit the observed data ( p<0.001).
RESULTS

In
Change in SBP
Change in DBP An independent and positive linear relation was found between change in DBP and change in kidney function in all age strata (table 3) . A decline in DBP predicted rapid decline of kidney function in patients aged 60-69 and 70-79 years (adjusted OR 2.2 (95% CI 1.7 to 2.9) and adjusted OR 1.4 (1.1 to 1.9), respectively). In the oldest age stratum a trend of higher risk in patients with a decline in DBP was seen (adjusted OR 1.5 (95% CI 0.99 to 2.4), p=0.054 (Hosmer-Lemeshow test, p=0.020)).
Correlation between PP and kidney function decline Baseline PP An inverse linear correlation was found between baseline PP and decline in kidney function in all age strata. Only in the oldest age stratum was the goodness-of-fit test for the adjusted model not significant (ANOVA F test, p=0.29). The highest categories of baseline PP predicted rapid decline of kidney function in patients aged 60-69 years and aged 70-79 years (adjusted OR 1.5 (95% CI 1.0 to 2.2) and adjusted OR 1.4 (95% CI 1.1 to 2.0).
Change in PP
A change in PP was independently correlated with change in kidney function in the youngest age group (table 3) . The goodness-of-fit test for the adjusted model was not significant in the oldest age stratum (ANOVA F test, p=0.18). Patients in all age strata in the category ≤−1 mm Hg/year change showed a higher risk of rapid annual decline of kidney function compared with patients without change in PP (adjusted OR 2.1 (95% CI 1.5 to 2.9), adjusted OR 2.8 (95% CI 1.6 to 4.9) and adjusted OR 1.7 (95% CI 1.1 to 2.8), respectively). In patients 70-79 years the model was also corrected for the interaction term between change in PP and baseline PP (adjusted OR 1.3 (95% CI 1.1 to 1.5), p=0.009).
DISCUSSION
In this large retrospective population-based cohort study the relation between static and dynamic BP measurements and kidney function over time in older participants was investigated. The present study confirmed previously found associations between baseline BP measurements and decline of kidney function, but more importantly identified a decline in BP over time as a strong risk factor for kidney function decline in all age strata, independent of the presence of multimorbidity and baseline BP. In people aged 60-69 years, high baseline SBP and PP predicted kidney function decline and a decline in SBP, DBP and PP in the years after baseline were related to a rapid annual decline in kidney function. In patients aged 70-79 years a relation between high baseline SBP and PP and kidney function decline was confirmed, and an association between a decline in SBP, DBP and PP after baseline and a decline in kidney function was seen. In the oldest age stratum, no correlation between baseline BP measurements and kidney function decline was found. A decline in SBP and PP in the years after baseline, however, predicted a rapid annual decline in kidney function in this age group. Moreover, DBP tended to decline. To date, there is no consensus about which level of BP causes a higher risk of cardiovascular mortality, morbidity or kidney function decline in the elderly population. In the KDOQI/KDIGO guidelines tailored BP control is advised in older persons for the preservation of the kidney function. 18 This evidence is based on several studies reporting on arterial hypertension as a risk factor for the development of CKD, as well as on the evolution of CKD to ESRD in the global population. The MDRD-trial 19 studied arterial hypertension as a risk factor for kidney function decline in stage 3 and 4 CKD in a population aged 18-70 years. They studied the impact of baseline and follow-up BP during 2.2 years on the evolution of kidney function in an intervention (antihypertensive) and in a control group. No effect of high DBP showed a significant risk of development of ESRD. Cumulative incidence for ESRD in patients with severe arterial hypertension was 1.7% vs 0.2% in patients with a normal BP. Finally, Van Pottelbergh et al 22 studied risk factors for ESRD in patients aged 50 years and older in the same Flemish cohort study as the present study did. Baseline arterial hypertension (BP ≥140/90 mm Hg) was found to be a significant risk factor for the development of ESRD (adjusted HR 1.25 (95% CI 1.22 to 1.28)).
Studies investigating the impact of BP on the evolution of kidney function in older persons are extremely rare. Some studied the risk of baseline BP for kidney function decline. Rifkin et al 11 found baseline SBP to have the strongest association with rapid annual kidney function decline in persons aged 65 years or older, with 14% increased hazard of rapid decline per 10 mm Hg, independent of other BP measurements. The SHEP-trial 8 used their placebo-arm to study the relation between baseline BP and a yearly incident increase of serum creatine (≥0.4 mg/dL). They found higher baseline SBP increased the relative risk of kidney function decline. A positive trend was found for DBP, however, without correction for comorbidity. The relation between baseline BP and the evolution of SBP, DBP and PP and kidney function decline in a 5-year time interval has only been studied in patients aged 85 years and older. 12 The Leiden 85+ study reported that elevated baseline SBP and DBP did not influence the annual decline in renal function in the oldest individuals. However, DBP <70 mm Hg and a decline in SBP or DBP was related to an accelerated decline of creatinine clearance over time. The present study results are in line with these findings.
The deleterious effect of higher baseline BP measurements on the evolution of the kidney function in persons up to 80 years was confirmed by the present study. Furthermore, intervention trials have shown that BP lowering prevents the need for renal replacement therapy up to the age of 70, independent of renal function at baseline. 23 The question remains how to explain the observations of the present study that identified a decline of ≥1 mm Hg/year SBP, DBP or PP as a predictor of kidney function decline, not only in the oldest old, as shown in the Leiden 85+ Study, but also in persons aged 60-79 years old. A decline in BP may lead to chronic hypoperfusion of the kidney, causing the kidney function to deteriorate. The cause of BP decline remains unclear. Underlying heart failure with lowered cardiac output could be a reason. 24 On the other hand, BP control which is too strict or the effects of antihypertensive medications such as RAAS system inhibitors, which influence intra-renal BP and renal perfusion could be responsible. The analyses were corrected for baseline morbidities, including the presence of heart failure and history of myocardial infarction, cardiovascular medication and baseline BP and kidney function. However, possible changes in medication intake and occurrence of new morbidities in the years after baseline could also be underlying the observed relationship. Furthermore, the results of the present study should be interpreted with caution, since they originate from an observational registry-based cohort study. However, they do provide a realistic reflection of every-day practice. Future analyses should further clarify the findings of this study before it could lead to an adaptation or refinement of the current guidelines.
This study is the first that investigated the relation between dynamic BP measurements and kidney function over time in participants aged 60 years and older. The major strengths of this study are its large primary care study population representative of the population of Flanders and the long follow-up period. 13 Because of the large number of patients included in the study we were able to perform the analyses in various age strata in order to detect possibly different patterns due to age. This study is also the first that included the presence of multimorbidity in the analyses.
However, the study is limited in that we had neither mortality data, nor data on the start of renal replacement therapy. Second, the MDRD equation has several weaknesses as a proxy for the real kidney function. For example, loss of muscle mass in older people may falsely give reduced estimates of renal function. However, this widely used equation to estimate the eGFR corrects for age that can act as a proxy for muscle mass. Since we were interested in the evolution of kidney function in the same population, a change in equation does not affect model outcomes. Third, no data related to proteinuria or albuminuria could be used in the analyses, because they were only available for a limited number of patients. Using these limited albuminuria and proteinuria data would have caused substantial selection bias. Fourth, not all creatinine values were measured by the same laboratory or by the same creatinine assay due to the design of the database, which collects data from practices throughout Flanders. However, all Belgian laboratories are subject to quality control measures, 25 which limited the analytical differences among the laboratories. Fifth, BP measurements were not standardised, but were reported by the GP as measured with his/her own BP device. Furthermore, the variability in BP and creatinine measurements in routine clinical practice may have affected the study findings.
CONCLUSION
This large retrospective, registry-based cohort study investigated the relation between static and dynamic BP measurements and the evolution of kidney function, independent of the presence of multimorbidity. Previously found associations between baseline BP measurements and decline of kidney function in older persons were confirmed, but more importantly a decline in BP over time was identified as a strong risk factor for kidney function decline in all patients aged 60 years and older, independent of the presence of multimorbidity and baseline BP.
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